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ABSTRACT

This paper presents the details of analytical studies carried out by using advanced bioinformatics tools on
classifying all proteins which are involved in causing dormancy in human & Spermophilus tridecemlineatus a
selected animal (Squirrel) and analyzing their structures, keeping their active domains in major focus. The study
primarily focused on (i) Identifying genes which are related to dormancy (ii) modeling PDK4 from different
organisms (iii) structural analysis to find out the structural similarity and domain details and (iv) PDK4 pathway
studies to give a detailed insight into mechanism of action of PDK4. From the studies, it is observed from the
studies that squirrel PDK4 shows dormancy as natural adaptation compared to human PDK4. Typical case study of
Ramachandran plot of human and squirrel PDK4 has been explained in detail.
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INTRODUCTION

To encounter unfavorable conditions naturally certain animals developed various
strategies to withstand them. Extreme temperatures like far above and far below animals’
optimum temperatures is one such unfavorable condition, which certain animals face
periodically in their life cycle. Many of these animals prefer to enter into dormancy state to
overcome these unfavorable conditions. Animals which enter into dormancy are usually caused
by certain alterations that occur in their bio-chemical metabolism. Dormancy is a period in an
organism's life cycle when growth, development, and (in animals) physical activity is
temporarily stopped. It is helpful to organisms to withstand unfavorable environmental
condition. PDK4 gene will bind to PDK; will cause the reduction of metabolic activity to conserve
energy. But in human period of dormancy can lead to fibromyalgia, chronic fatigue, obesity,
dementias including Alzheimer s disease. Structural information of human PDK4 is very
important for studying mode of action of PDK4 in human dormancy syndrome. Evolutionary
history of PDK4 protein is important to analyze the changes that are happened during the
evolution.

The process of dormancy appears to have evolved independently in a large number of
different species, and, as such, there are a wide number of mechanisms by which a period of
dormancy can be entered, depending on the physiology of the organism [1-3]. In many species,
dormancy is an essential part of the life cycle, enabling an organism to change hugely, while
undergoing minimal impact. In some cases, it allows organisms to survive huge climatic
changes, such as a pond or river drying up. However, the type of dormancy most commonly
associated with the word is that encountered when an animal becomes dormant during a
period of cold weather. Dormancy, in short, allows organisms to adapt better to their
environment during periods of hardship. It enables species to take advantage of certain
environmental niches, which would otherwise be impossible to make habitable [4-6].

Main objectives of this study are:

Identifying genes which are related to dormancy

Modeling PDK4 from different organisms.

Structural analysis to find out the structural similarity and domain details.

PDK4 pathway studies to give a detailed insight into mechanism of action of PDK4.

AN

MATERIALS AND METHODS
The following resources have been used to conduct analytical studies

National Center for Biotechnology Information -The National Center for Biotechnology
Information advances science and health by providing access to biomedical and genomic
information.

EMBL Nucleotide Sequence Database - The EMBL Nucleotide Sequence Database (also known
as EMBL-Bank) constitutes Europe's primary nucleotide sequence resource. Main sources for
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DNA and RNA sequences are direct submissions from individual researchers, genome
sequencing projects and patent applications. The database is produced in an international
collaboration with GenBank (USA) and the DNA Database of Japan (DDB)).

PIR - The Protein Information Resource (PIR) is an integrated public bioinformatics resource to
support genomic, proteomic and systems biology research and scientific studies (Wu et al.,
2003).

PDB - A Resource for Studying Biological Macromolecules. The PDB archive contains
information about experimentally-determined structures of proteins, nucleic acids, and
complex assemblies. As a member of the wwPDB, the RCSB PDB curates and annotates PDB
data according to agreed upon standards. The RCSB PDB also provides a variety of tools and
resources. Users can perform simple and advanced searches based on annotations relating to
sequence, structure and function. These molecules are visualized, downloaded, and analyzed by
users who range from students to specialized scientists.

Swiss-Prot - Protein knowledgebase
TrEMBL - Computer-annotated supplement to Swiss-Prot

Molecular Modeling Database (MMDB) - Experimentally resolved structures of proteins, RNA,
and DNA, derived from the Protein Data Bank (PDB), with value-added features such as explicit
chemical graphs, links to literature, similar sequences, related 3D structures, information about
chemicals bound to the structures, and more. These connections make it possible, for example,
to find 3D structures for homologs of a protein sequence of interest, then interactively view the
sequence-structure relationships, active sites, bound chemicals and journal articles.

BLAST - The Basic Local Alignment Search Tool (BLAST) finds regions of local similarity between
sequences. The program compares nucleotide or protein sequences to sequence databases and
calculates the statistical significance of matches. BLAST can be used to infer functional and
evolutionary relationships between sequences as well as help identify members of gene
families.

DaliLite - DalilLite Pairwise comparison of protein structures. Compares your structure(first
structure) to a reference structure(second structure). It is a structural analysis tool.

ClustalW - ClustalW is a general purpose multiple sequence alighnment program for DNA or
proteins. It produces biologically meaningful multiple sequence alignments of divergent
sequences. It calculates the best match for the selected sequences, and lines them up so that
the identities, similarities and differences can be seen. Evolutionary relationships can be seen
via viewing Cladograms or Phylograms.

PhyloDraw - PhyloDraw is a drawing tool for creating phylogenetic trees. PhyloDraw supports
various kinds of multialignment programs (Dialign2, Clustal-W, Phylip format, and pairwise
distance matrix) and visualizes various kinds of tree diagrams, e.g. rectangular cladogram,
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slanted cladogram, phylogram, free tree, and radial tree. With PhyloDraw users can manipulate
the shape of a phylogenetic tree easily and interactively by using several control parameters.
This program can export the final tree layout to BMP(bitmap image format) and Postscript.

CPHmodels 3.0 Server - CPHmodels 3.0 is a protein homology modeling server. The template
recognition is based on profile-profile alignment guided by secondary structure and exposure
predictions.

PROSITE - PROSITE consists of documentation entries describing protein domains, families and
functional sites as well as associated patterns and profiles to identify them [More details /
References / Disclaimer / Commercial users]. PROSITE is complemented by ProRule, a collection
of rules based on profiles and patterns, which increases the discriminatory power of profiles
and patterns by providing additional information about functionally and/or structurally critical
amino acids.

BRENDA - The Comprehensive Enzyme Information System. BRENDA has the EC-Number
Enzyme Name .BRENDA is a advanced search database.

KEGG - Kyoto Encyclopedia of Genes and Genomes. A grand challenge in the post-genomic era
is a complete computer representation of the cell, the organism, and the biosphere, which will
enable computational prediction of higher-level complexity of cellular processes and organism
behaviors from genomic and molecular information. Towards this end we have been
developing a bioinformatics resource named KEGG as part of the research projects of the
Kanehisa Laboratories in the Bioinformatics Center of Kyoto University and the Human Genome
Center of the University of Tokyo.

Swiss-PdbViewer - The Swiss Institute of Bioinformatics presents Swiss-PdbViewer. Swiss-
PdbViewer (aka DeepView) is an application that provides a user friendly interface allowing to
analyze several proteins at the same time. The proteins can be superimposed in order to
deduce structural alignments and compare their active sites or any other relevant parts. Amino
acid mutations, H-bonds, angles and distances between atoms are easy to obtain thanks to the
intuitive graphic and menu interface.

FASTA - FASTA/SSEARCH/GGSEARCH/GLSEARCH - Protein Similarity Search

Provides sequence similarity searching against protein databases using the FASTA and SSEARCH
programs. SSEARCH does a rigorous Smith-Waterman search for similarity between a query
sequence and a database. GGSEARCH compares a protein or DNA sequence to a sequence
database producing global-global alignment (Needleman-Wunsch). GLSEARCH compares a
protein or DNA sequence to a sequence database. FASTA can be very specific when identifying
long regions of low similarity especially for highly diverged sequences. You can also conduct
sequence similarity searching against nucleotide databases or complete proteome/genome
databases using the FASTA programs.
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Methodology Adopted
In execution of the project, the following step by step procedure has been followed

e Identify the gene related to dormancy in human & suirrel
e Retrieve sequences
e Collect homologous genes from other organisms.
e Sequence analysis:
v' Pairwise sequence alighment
v' Multiple sequence alignment
v’ Pattern searching
e Phylogenetic analysis
e Structure prediction — homology modeling
v' Template identification
v’ Identify the % similarity of raw sequence to template
v" Download the tertiary structure
v" Align raw sequence to template
v" Submit modeling request
e Detailed structural validation
Global energy details
Comparison with non redundant set of PDBs
Estimation of local model quality
Ramachandran plot analysis

AN

e Domain analysis.

Identify the domains.

Find out secondary structure details of domain
Figure out the exact location of domain on structure
e C(lassify the protein according to domain structure.

e Metabolic pathway studies.

AN NI

OUTPUT AND VALIDATION

Pairwise sequence alignment of human and squirrel PDK4 shows 96% sequence
similarity (Fig. 1), eventhough they are from different organisms. According to phylogenetic
analysis pan troglytis and homosapience are more relative than others and the evulutionary
steps of them are more similar. More evolutionary changes are happened to gallus PDK4
compared to others. Spermophilus PDK4 has undergone more changes than human PDK4
during the course of evolution. By pattern analysis PDK4 domain belongs to histidine kinase
family, and the human PDK4 domain lie between 228-351 and squirrel PDK4 histidine kinase
domain lie between 265 -368 region. It is helpful for the functional analysis of PDK4 sequence.
As per the protein structure prediction methods like Homology Modeling, Threading and Ab
initio methods, we are supposed to find the template for our sequence of interest. While
finding the template for the PDK4, We have looked for its % identity or similarity with template.
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As per the modeling scenario, if the % identity is more than 60%, we should go for Homology
modeling, if is is in the range of 25-60%; should go for threading method and if it is below 20-
25%; should go for Ab Initio method. As per the % identity we have got with the template after
sending template selection request either through Swiss PDB viewer or directly through the
online Swiss model server, we have selected templates for squirrel PDK4 % of identity is above
90%. For modeling human PDK4, 2ZDX structure was selected as it showing above 85%
similarity to the raw sequence and 2EOA was selected as template as it showing 80% sequence
identity to our raw sequence, and we have got 3D structure for human PDK4 and squirrel PDK4
sequence and viewed by Rasmol. Domain analysis have shown that both the PDK4 are belongs
to same family and both the proteins contains 16 helices, 13 strands and 30 turns. But the
domain of both proteins are lying in different position in sequence; ie in squirrel PDK4 it is in
between 245-368 position and in human PDK4 it is in 228- 351 position.

Squirrel PDK4:
found: 1 hitin 1 sequence

5-329857 4-GB-AACADTE1-1- (412 aa)

MEALRFAMHS ARG L 3 VGLVPREVELFERT PSP LAMEQL LD FGIDNACERTSFIFLEQELPVELA
NILEEIDVLPDRLTNTASWILVESTY I0S LMELVE FHEES PED QFNL 5D FVD TL IEVENEHHIVY E
THAQGILEYEDTCTVD EVTHO 3 LOTFLDRFYMNE I I TRHMLINOHILIFSD 3 0TGHE S HIGI TR PEC
DVVAVINDAFESSEMLCDOYY LTS PELELTQVNGEFPGOP IHIVYVE SHLHHML FELFENAMRATY
ERQESWRALTRYEVIVVLGEED LTIEIRDERGGEVELRITDRLFS VI STAPTEVHDNSEHARPLAGE
GYGLPISRLYARYFOGDLNLT S LS GTGTDAITY LEAL S SE SYEKL PYFNKSAFEIT QM3 SEADDTIC
IPEREPENLSFEFIMAN

Human PDK4:

found: 1 hitin 1 sequence

gi-4505693- ref- NP_002603-1- (411 aa)

MFALR VLR AGS LNGAGLVPREVEHFRRY S P3P LIMEQLLD FERENACERTSFAFLEQELPVRLA
HNILKEIDILFTOLYHTI 3VOLVESWY IQALHD LVE FHEESPDDOFAL D FVD TLIEYENREHHVYE
THAQGIIEYFDACTVD PYTHONL)TFLDREFYMNET STEMLMNOHILIFAD 3 0TGN P SHIGE TR FNC
DA ODAFE CERHLCD QYT LIS PELELTOQVHGEFPD QP THIVYWE SHLHAML FE LFENANRATY
EHOENQFPSLTEIEVIVYLGEED LTIEISDRGEGYPLRITIDELFS Y TY STAPTPVHDNSFNAP LAGE
GYGLPISRLYARYFGD LML Y S L GYCTDAT IVLEAL S SES IEKL PVFNE S AFFHY QMA ZEADDIC
IPIFEFFNLAFEVAN

405

150 200 250 300

Icl4 2683

cl|4ZRGE2 S‘D 100 150 ann 250 ann SéD 391

Fig. 1 Human PDK4 vs squirrel PDK4
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Alignment view:

Gocore = 76h bits (1975), Expect = 0.0, Method: Compositional matrix adjust.
Tdentities = 36273091 (92%), Positiwes = 3787301 (96%), Gaps = 0/391 (0%)

Query 1 GPYPREVEHFERYSPEPLEMEQLLDFGAENACERT3FAFLREQELPVRLANTILEETIDILPT &0
> VPEEVE FSRYIPSPLSMEQLLDFGA+NACERTAF+FLEJELFVELANILEEID+LE
Sbject 18 GLYPREVELFRRYSPEPLEMEQLLDFGADNACERTAFSFLRQELPVRLANILFETDVLED 77

Query 61 QLYNTSSVALVESTY IQS LMD LVEFHEES PDDOQEALSDFVD TLIEVENFHINVVETIAQ: 120
+L NT3SVALVESTYIQSLM+LVEFHEESP+DQE LEDFYDTLIEVENRHHNVVETHAQ
Jbjct T8 RLTNTSSVOLVESTY I3 LMELVEFHEESPEDQENLED FYD TLIEVENFHHNVVETHAQ: 137

Query 121 IIEYEDACTVDEVINONLOYFLDEFYMHNRISTRMLMNOHILIFADIOTGNEIHIGIIDEN 1380
I+EYFD CTVDPVTNO+LOYFLDRFYMNRIZTRMLMNOHILIFADS0TGNE SHIGSIDE
Jbjcrt 138 ILEYEDTCTVDEVINQILOYFLDEFTMHNRISTRMLMNOHILIFADIOTGHPIHIGIIDPE 197

Query 131 CDWWVAYVVODAFECSEMLCDOYYLA3IPELELTOVIGEFFDOFIHIVYVPIHLHHMLFELFE 240
CDVVAVHADAFE FHMLCDOVYLA+SPELELTQVINGEFP QPIHIVYVPIHLHHMLFELFE
3bjct 198 CDWWVAVIQDAFESSEMLCDOYYLTIPELELTOVHGEFPGOPIHIVYVPIHLHHMLFELFE 257

Query 241 MNAMRATVEHOENQPSLTPIEVIVVLGEEDLTIKISDRGGGVPLEIIDRELFEYTYSTAPTE 300
NAMEATVE (E+ PILTP+EVIVVLGEEDLTIEISDRGGGWPLEI DELF3Y TITAPTE
3bjct 258 MNAMRATVERQESWPSLTPYEVIVVLGEEDLTIKISDRGGGVPLEITDELFRYMYSTAPTE 3517

Query 301 VIDHIEMAPLAGFGYGLPIARLYARYFQGDLNLYALIGYGTDAIIVLEALARSESTEELEY 3560
VHDNARNAPLAGFGYGLE ISR LY AR Y FOGD LNLY S LAGY CTDATITYLEAL SSES+EELFY
Fbjct 318 VIDNEENAPLAGFGYGLPISRLYARYTFQGDLNLYALIGYGTDAITVLEALSZESVEELFV 377

Query 36l FHEIAFEHTQMISEADDWCIPSREEPENLALEE 391

FNESAFFHYQMASEADDWCIPSREP+NLHEE
Jbjct 378 FHNEIAFEHTOMISEADDWCIPSEEFENLIEE 403

Structure comparison- Dali lite:

et =g e e e e e e ahra Trarat

RELL IR =

Super imposed C-alpha traces — Rasmol view:
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Each chain of moll is compared structurally to each chain of mol2 using the Dalilite
program. The Dali method optimises a weighted sum of similarities of intramolecular distances.
Sequence identity and the root-mean-square deviation of C-alpha atoms after rigid-body
superimposition are reported for your information only; they are ignored by the structural
alignment method. Suboptimal alignments do not overlap the optimal alignment or each other.
Suboptimal alignments detected by the program are reported if the Z-score is above 2; they
may be of interest if there are internal repeats in either structure. In the C-alpha traces, the
chains of the first and second structure are renamed 'Q' and 'S', respectively. Z-Scores below 2
are not significant.

Ramachandran Plot analysis Result — Rampage

Ramachandran plot analysis is done for human and squirrel PDK4 structure by using
rampage analysis tool and we have reached in following conclusion : 94.4% residues are fallen
in favoured region for human PDK4, 4.3% residues are fallen in allowed region and 1.9%
residues are fallen in outlined region. For squirrel PDK4 90.6% residues are coming in favoured
region for human PDK4, 5.1% residues are coming in allowed region and 0.8% residues are
fallen in outlined.

Ramachandran plot of human PDK4

& 271 PRC

Evaluation of residues

Residue [ 26 :HIS] (-65.71, -64.78) in Allowed region

Residue [ 29 :ARG] (-63.79, 8.12)in Allowed region

Residue [ 43 :PHE] (-61.40, -3.24) in Allowed region

Residue [ 45 :SER] (-94.53,-122.65) in Allowed region
Residue [ 47 :ASN] (-71.43, 91.63) in Allowed region
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Residue [ 141
Residue [ 149
Residue [ 151
Residue [ 197
Residue [ 269
Residue [ 294
Residue [ 326
Residue [ 330
Residue [ 333
Residue [ 354
Residue [ 356
Residue [ 390
Residue [ 391
Residue [ 152
Residue [ 233
Residue [ 271
Residue [ 323
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:TYR] (-70.66, 15.32) in Allowed region
:PRO] (-71.50, 92.57) in Allowed region
:THR] (-112.42, 67.25) in Allowed region
:ASN] (-137.70, 51.54) in Allowed region
:ASN] ( -66.49, -81.52) in Allowed region
:ARG] (-114.56, 52.35) in Allowed region
:PRO] (-105.40, 173.23) in Allowed region
:PHE] (-123.24,-162.92) in Allowed region
:GLY] (-124.68, -83.55) in Allowed region
:SER] ( -55.62, 107.21) in Allowed region
:TYR] (-124.06, -66.72) in Allowed region
:SER] (-167.65, 31.69) in Allowed region
:GLU] (-146.75, -37.84) in Allowed region
:ASN] ( -64.88,-128.52) in Outlier region
:LYS] (-57.13, -86.60) in Outlier region
:PRO] (-59.04, -97.12) in Outlier region
:ARG] ( 100.49, -1.85) in Outlier region

Number of residues in favoured region (~98.0% expected) : 368 ( 94.4%)
Number of residues in allowed region (~2.0% expected) : 18 ( 4.6%)
Number of residues in outlier region : 4 ( 1.0%)

Ramachandran plot for Squirrel PDK4:

Evaluation of residues

-l T GLU
.................................................. e~ -~ = ==
x
®
x . "
-180
-180 [ 180
= A Genaral/Pre-Pro/Proline Favourad Genaral/Pre-Pro/Proline Allowed
® Glycine Favoured Glycine Allowsd

Residue [ 46 :ASP]( 52.15,-105.14) in Allowed region
Residue [ 73 :ASP](-72.64, 32.60) in Allowed region
Residue [ 74 :VAL] (-137.45, -20.86) in Allowed region
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Residue [ 152
Residue [ 197
Residue [ 243
Residue [ 294
Residue [ 310
Residue [ 324
Residue [ 329
Residue [ 356
Residue [ 395
Residue [ 411
Residue [ 341
Residue [ 374
Residue [ 376
Residue [ 391
Residue [ 396

:ASN] (-70.35, 96.38) in Allowed region
:LYS] (-126.50, 49.22) in Allowed region
:TYR] (177.19, 169.92) in Allowed region
:ARG] (-114.38, 55.49) in Allowed region
:MET] ( 83.87, -23.32) in Allowed region
:ASN] ( -66.75, -78.65) in Allowed region
:GLY] ( 147.09, -36.86) in Allowed region
:TYR] (-123.43, -73.80) in Allowed region
:TRP] (-109.92,-155.08) in Allowed region
:ALA] (-113.95, 58.87) in Allowed region
:ALA] (-18.68, -81.53) in Outlier region
:LYS] (-41.59, 95.46) in Outlier region
:PRO] (-113.03, 134.82) in Outlier region
:GLU] ( -3.74,-106.05) in Outlier region
:CYS] ( 10.63, -79.80) in Outlier region

Residues in most favoured regions [A,B,L] 307 90.6%
Residues in additional allowed regions [a,b,l,p] 29 8.6%
Residues in generously allowed regions [~a,~b,~,~p] 3 0.9%
Residues in disallowed regions 0 0.0%

Number of non-glycine and non-proline residues 339 100.0%
Number of end-residues (excl. Gly and Pro) 5

Number of glycine residues (shown as triangles) 16

Number of proline residues 24

Total number of residues 384

SPDBV.

CONCLUDING REMARKS

Structures were predicted for human and squirrel PDK4 by using CPH model server and
Structures were selected based on minimum energy criterion. Based on an analysis of

118 structures of resolution of at least 2.0 Angstroms and R-factor nto greater than 20%, a good
quality model would be expected to have over 90% in the most favoured regions in
Ramachandran plot. So the qualities of predicted structures are good. The PDK4 sequence and
structure of both the organisms are found to be very close similarity and its domain histidine
kinase superfamily.
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